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Why Same-Sign Dileptons?  &=o
* Same-Sign Dileptons = an electron and/or muon pair with the same
electric charge in the final state pp — fifi + X

n ei'ei' eiui" uiui

* Genuine same-sign dileptons (SS) are rare in the Standard Model (SM)

7
_ Model Al ¢
= Examples (C=eorp): pp — W™, WT —0Fv; ¢t — 0Tvb X ;
....... @

pp—=W=Z, W™ = 0v;, Z =070

Py
t
* Example signature 2 many new physics models involve pair / ,

t

production of Majorana particles \
= classic example is gluino pair production from SUSY . I*, q
= can produce OS/SS lepton pairs in equal numbers t_W v.q
" show up as excess w.r.t SM alone b

* This analysis presents a general search sensitive to a wide range of

models that produce SS dileptons.
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* Counting Experiment 2 look for:

= Same-sign lepton pairs (electrons, muons)

» Hadronic activity =2 jets

Search Strategy

o Expect significant hadronic activity

— strong production = e.g. gluino production

o N....=count # jets, .

( Supersymmetry (SUSY)

Model A1 t

Pl ...... Xl
t

pp — §§ — XX

jets

o Np;ers = cOunt of jets originating from b-quarks (b-tagged),

o H;=scalar sum of transverse momenta (p;) of selected jets.

= Missing Transverse Energy (E;™)
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gluino production
4W+4b+2LSP

o Dark matter candidates suggest a weakly-interacting and massive particle (WIMP)

—> sizable missing E;MsS




* L, =19.5fb?atVs=28TeV collisions

» Same-sign isolated leptons (e/p)
= high p; analysis = both leptons with p; > 20 GeV used to suppress the most background.

Event Selections

=
UcCcsD

= low p; analysis = both leptons with p; > 10 GeV to give sensitivity to models with compressed spectra.

* 22 jets with p; > 40 GeV

» 24 search regions regions for each analysis (48 total)
= maximize statistical sensitivity to many models.

" 3binsin Ny,
o 10’s place represent the Ny,

o (e.g. SROX =0 Ny SR1X = 1 Nyoor, SR2X 2 Nyy,)

= 2 binsin N,

jets

o 2-3jetsand >4 jets
= 2 bins E;™ss

o [50-120] and = 120 GeV
= 2 bins H;

o [200-400] and > 400 GeV
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SR01-08: Ny, ;=0 =

SR11-18: Ny, =1 —

SR21-28: Ny 22 =

\

|

Summary of Search Regions

Nosuww | B2 (GeV) | N | Hr € [200,400] (GeV) | Tz > 400 (GeV)
2-3 SRO1 SR02
S Y SR03 SR04
= oo | 238 SRO5 SR06
>4 SRO7 SR08
73 SRI1 SR12
N Y SR13 SR14
= T | 23 SRi5 SRI6
>4 SR17 SR18
73 SRo1 SR
e Y SR23 SR24
< T | 23 SRS SR26
>4 SR27 SR28




Background Sources i

source examples Loose Control Region
[ \ CMS Preliminary ls=8TeV,L =19.5fb"

* Genuine Same-sign dileptons (Rare)
= arise from rare SM processes
=  Estimate from simulation _ _
=~ 30-60% of the estimated background ttVV, ttZa w2z

T T T
High-pT leptons

—e— Data

[ ] Rare SM processes
I Charge misID

I Non-prompt e/u
Total bkg uncertainty

\\\\\i\\\\\\‘;

Events / 25 GeV
§§§§§S§ AR

* Non-prompt lepton backgrounds 4%
=  From heavyflavordecays(b/c), | | A0 |

hadron misID, decays in flight, photon tF = lujjbbib — 0+ X

conversions. o 50

=  “tight/loose” (data driven) W—=tv+j, j—L+X B [y

o extrapolation in isolation T [GeV]

o measure TL ratio in control region CMS Preliminary Vs =8 TeV, le =19.5 fb™

o apply to data sideband region > — T

= ~35.65% of the estimated background S t High-p_leptons ]

o 120 7 —e— Data =

N 100 - ////Z / [] Rare SM processes A

— §2) b a0 Charge misID 7

* Opposite-sign dileptons with one tt — Lvblvb ™ = Non_f,,ompt el E

charge mis-identified % 4+ - i, C 7 Total bkg uncertainty

* negligible for mouns Z/7 — e e e =

=  MisID rate measured withZ>eeevents | | mm A ]

(data driven) 7 7 A

=  <5% of estimated background ~ § 1 2o . 2%

\ j 600
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* Results and Background Predictions

* No observed excess over SM background

good agreement in data vs. prediction.

both high and low lepton p; results.

predictions.

* Results used to interpret several models

that p

* Search regions and high/low p; lepton
selections determined on a per model

basis.
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redict same-sign events.
simplified SUSY Models (SMS)
set upper limits on cross sections

provide exclusion curves in the parameter space

Results

ijets =0
(SR01-08)

ijets =1
(SR11-18)

ijets 22
(SR21-28)

high p; analysis

=
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low p; analysis

7

Events / bin
()] (2] ~

Events / bin

CMS Preliminary ls=8TeV,L =195 b

0 High-pT signal regions with 0 b-tags
E ¢ Data
; ] Rare SM processes
0 Il Charge misID
[ Non-prompt e/

Total bkg uncertainty

SRO1 SR02 SR03 SR04 SR05 SR06 SR07 SR08

CMS Preliminary ls=8TeV,L =195 b

High-pT signal regions with 1 b-tag

¢ Data
[]Rare SM processes
Il Charge misID
[ Non-prompt e/
Total bkg uncertainty

N

SR11 SR12 SR13 SR14 SR15 SR16 SR17 SRi18

CMS Preliminary ls=8TeV,L =195 b

High-pT signal regions with = 2 b-tags

¢ Data
[]Rare SM processes
Il Charge misID
[ Non-prompt e/
Total bkg uncertainty

7 ok

Y

(s=8TeV,L  =19.5fb"

’ Tint.
Low-pT signal regions with 0 b-tags

CMS Preliminary

¢ Data
[_]Rare SM processes
Il Charge misID
[ Non-prompt e/ n
Total bkg uncertainty

SRO1 SR02 SR03 SR04 SR05 SR06 SR07 SR08

CMS Preliminary ls=8TeV,L =195 b

Low-pT signal regions with 1 b-tag

¢ Data
[_]Rare SM processes
Il Charge misID
[ Non-prompt e/ n
Total bkg uncertainty

SR11 SR12 SR13 SR14 SR15 SR16 SR17 SRi18

(s=8TeV,L  =19.5fb"

’ Tint.
Low-pT signal regions with = 2 b-tags

CMS Preliminary

¢ Data
[_]Rare SM processes
Il Charge misID
[ Non-prompt e/ n
Total bkg uncertainty

77,77/

|z

SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28

J
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Gluino-mediated Stop Production

» Stop is off-shell (left) and on-shell (right) stops.

* Using high p; leptons and 2 2 N, search regions (SR21-28).

Model Al t

CMS Preliminary, 19.5 fb", Vs = 8 TeV

pp—§6,§— tf)?? NLO+NLL exclusion
—Observed+ 10
s::Expected+ 10

theory

experiment

O 1 |

off-shell ¢ 7

B

'I I I ) I ) I 1

400 500 600 700 800 900 10001100
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r-ngluino (GeV)

102

95% C.L. upper limit on cross section (fb)

gluino production
4W+4b+2LSP

2 x (§ — ttxY)
A1: off-shell ¢,
A2: on-shell #;

Q1200

stop (G

£ 1000

800

600

400

T
UucCcsD
Model A2 ¢
P, .
T 0
i)
A o~

CMS Preliminary, 19.5 fo, {s = 8 TeV

pp—>G§G§.§— tf%? NLO+NLL exclusion
—Observed+ 10

s::Expected+ 10
Mo = 50 GeV

theory

experiment

on-shell ¢

klxlxﬁ('

!

| I |
900 950 1000 1050 1100
rngluino (GeV)

=4

1150

95% C.L. upper limit on cross section (fb)



* Using =1and 22 Ny, search regions (SR11-18, SR21-28).

400

350

m, gp (GeV)

250

200

150

100

50

300 350 400 450 500 550 600 650

lower p; Leptons used:
" bottom left: my om

High p; Leptons used:

= center:m

sbottom
" bottom right: M uom
CMS Preliminary, 19.5 fb™, Vs = 8 TeV

pp—>b1b " b1—> tW‘ NLO+NLL exclusion

=Observed = 1 otheow
=::Expected+ 10

experiment

m_/m_. =0.8
% %

(GeV)

sbottom
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Vs Mg, X = 0.8 > lower p; leptons

vsm

UL L

102

10

VS Msp, X =0.5

chargino’

95% C.L. upper limit on cross section (fb)

m ¢p (GeV)

400

350

300

250

200

150

100

50

Py
mco
m.-+

X1

CMS Preliminary, 19.5 fb", /s = 8 TeV \
=107 ~
pp—b 5}, B~ Wz’ NLO+NLLexclusion | 1 £
=Observed = 10”]90ry 1 &
== Expected = 1oexperiment m%?/m%:=0.5 4 §
[}
L - (%2}
1 Q
[ | (@]
L 4 Cc
- 1 2
L i 1 E
- 81
1] H Q_
o {1 a
[ 8 5
- 7 i
i 4 O
~ [ — R
5 0 7o)
Lo v kb v A8 4 @

350 400 450 500 550 600 650
sbottom (GeV)

Direct Sbottom-Pair Production

Model B1 t
Py W-
TottWwW N
( ) bl _ - ‘f
-~ - c. =0
- X1 © X1
=< . ~0
See X g M
PP EAT R
1 ‘\‘\\ W+
direct sbottom t
production
4W+2b+2LSP
CMS Preliminary, 19.5 b, [s =8 TeV
— 600
% pp—>b1b1 , b1—> ® NLO+NLL exclusion
& 550 —
= =Observed = 1Otheory
‘é 500| =22 Expected = 10, 0o
5 m_, = 50 GeV
< %,
E° 450
400 —
350* ) \|I -
300 | : -
250 | : -
2001 i : -
150« SRS N N P -

350 400 450 500 550 600 650
GeV)

sbottom (

95% C.L. upper limit on cross section (fb)



Gluino Mediated Light Squark Production | ==

ucsD
Model C1 4 ”
. . P2
* Using = 0 N, search regions (SR01-08). \ T WE
TR
* Mgino VS Mysp o X1
. . . . . < ()
» 2 scenarios for fixed relationship between chargino, % W
: d
LSP, and gluino masses a
= left: Myargino = 0-8Mygp +0.2my, ;. = low p; leptons g'”';‘x’i;s;’;t'on
= right: Mg, gino = 0.5Mygp + 0.5m,, . o = high p; leptons
CMS Preliminary, 19.5 fb”, {s = 8 TeV \ CMS Preliminary, 19.5 ft”, s = 8 TeV .
% pp— GG §— qaqw ;z? NLO+NLL exclusion| = % pp—>9G,— qﬁ'Wa‘c? NLO+NLL exclusion |- 1
g 1000 —Observed = 1 Gtheory 1 g 1000 =Observed = 1 Gtheory :
% S EXpeCted = 1 0experiment : % i EXpeCted * 1 Gexperiment i
€ 800 M. = O.8mi? +0.2m, 1 . £ 800 m;. = 0.5mi? +0.5m, | i
600/~ 4 600 ]

----------------

400 =

I T T T I T T T I
|

102 400

I IlllHl

200 200

x
2,
95% C.L. upper limit on cross section (fb)

95% C.L. upper limit on cross section (fb)

=10

| I
600 700 800 900 1000 1100 0400 500 600 700 800 900 1000
mgluino (GeV) rnquino (GeV)
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Additional Models

* Additional Search regions designed for R-Parity violating
SUSY models and same-sign top production
= All use high p; lepton selection
* RPVgluino = tbs 95% CL o, (bottom right)
¢ Same Sign top production 95% CL o, =0.72 pb
e SM 4-top production 95% CL o, =49 fb
" using 22 Ny, search regions (SR21-28)

Nicts | No-ets | E7> (GeV) | Hp (GeV) | charge SR
C>2 0 >0 >0 > 500 ++/-- | RPVO |
o >2 | >2 >0 > 500 ++/- - RPV2 |
>2 ] = > 30 > 80 ++/-— [ SStopl )

>2 | =1 > 30 > 80 ++ only | SStopl++

>2 | >2 > 30 > 80 +4/-— | SStop2
. 2>2 >2 > 30 > 80 ++ only | SStop2++ |
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Model RPV

=
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S
P s
b
t
RPV Model
2W+4b
¢ CMS Preliminary L=19.5fb™", Vs =8 TeV )
3 E T T T l T T l T T T l T T T l T T T I T ?
PR D U R pp — &, G — tos, ]
10 E observed 953/3:3CLS Limits 3
S U N T LT expected 95% CLs Limits
W S O === expected 1o
10 ER OO expected 20 E
= —— Theoretical o, o =
B —— Th tical +1 T
108 SR N ?9[9,.!93 ....... O =
1 02 =E ..................................
1 O _E ............................................................................................................................................... E
1 i Il ‘ Il ‘ Il ‘ Il Il ‘ Il Il I Il ]
200 400 600 800 1000 1200
I’ngluino (GeV)
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Signal Acceptance Parameterization

=
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* Use to get an approximate 4 N\ )
acceptance for any New Physics Lepton Efficiency Jet and b-tag Efficiency
mOdel CMS Simulation |s = 8 TeV CMS Simulation Vs = 8 TeV

= defined w.r.t generator level g‘”? S E |
S £ = 2 L ]
= good to within 30% of using full £ 060 —— ] 2 ab E
detector simulation/reconstruction 05 > = i 1
. . = ——electrons 0.6 .
* Parameters for the fit functions are 04t — muons ] i ]
. . 03F & : . 1
provided in PAS [1] (and backup) : ] 041 {erf (u) +1}
0.2 — L o i
EC pr—10 pr—10\ 3 0.2f .
0.1?efeooerf< - )JrE]U <lferf <T>>E E E

% T2 20 60 80 100 120 % T
P (GeV) jet p%" (GeV)

[1] CMS-PAS-SUS-13-013: http://cds.cern.ch/record/1563301 \ T
. — — N\
H; and E;™* Efficiency ,_ e [erf(f” %) +1}
CMS Simulation Vs = 8 TeV 7 CMS Simulation Vs = 8 TeV CMS Simulation Vs = 8 TeV

a\ 1 T 3- T rrrrrTTrTTTTrrTTTr T T T T T T T T T T T T 3 1_“‘““\““\““\““\““““““_

k5 ] k5 " 8 1

Qo ] Qo i Qo L i

& 0.8 . i E o 08 .

o : j 0.6} ]7/—/"‘—‘—\_.;.'@5
0.4 - E 04k , -
] g [ [ Ae®*+B2?+Cax+D if pr <120 GeV ]
] ~H;>200 ] [ €~ Ex+F if pr > 120 GeV -
025 B ~Hy >400 — 021 ]
000 40 60 80 100 120 140 160 180 200 220 f00 150" 200 250 800 850 400 450 500 0050 100 150 200 250 800 350 400
. E‘?—en (GeV) ngn (GeV) ) L btag pie" (GeV)
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Summary 3

* We searched for new physics in events with a same-sign lepton pair and jets in pp

collisions at 8 TeV using a dataset corresponding to 19.5 fb-*-

* We observe no evidence for new physics.

= We interpret the results in the context of several SUSY models of stop and sbottom

production.

= We set an upper limit on the cross-section for same-sign top and SM four top production.

* We provide a parameterization of the signal acceptance to allow for the interpretation

of the observed experimental limits in the context of a broad range of models.

August 15, 2013
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Search Regions UCSD

search region | # b-tagged jets # jets
5RO 30 1 Hr <500 o 0] 2 m * Search Regions expanded to be sensitive to
SR - 23 00 a broad range of signatures
SR3 200-400
>4 . . L.
ond =0 ~0 1|+ Made exclusive to allow for statistical
2-3 . .
ong > 120 e combination
>4
LSR8 - s . .
== ——— = = Contrast to HCP: inclusive regions and Ny, 2 2.
23 i * binnedin N,
SRI12 400 8s
SR13 50-120 230-400 o SRO-8: 10 Ny, req
SR14 =1 =4 > o SR10-18: Ny = 1
il 23 |20 o SR20-28: Ny, >2
> 120 - . :
SR17 >4 | 200-400 = Three baseline regions
f SR20 30 if Hr <500 else 0 | 2 80 4] o loose MET and H; cuts
o 23 00 | » General SUSY search regions binned in H; MET,
SR23 50-120 200-400 '
>4 and N,
SR > 2 > 400 jets
SR25 . 200-400 ] Same_s|gn top
2-3
SR26 - 120 > 400 e
SR27 >4 | 200-400 = R-parity violation (RPV)
l SR31 (14 =2 > 30 >2 | >80 * Low p; same except
r? 2 .
SE{% ;2 >0 22 | >500 || = H; 200 GeV -> 250 due to H; trigger turn on
SR34 - .
SR35 (++) =1 >0 2 | >80 = Only defined for SRs 0-28
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Results Tables o
UCSD
SR Expected Observed
SR low-p high-pr RPVO 38 =+ 14 35
Expected Observed Expected Observed RPV2 53 + 21 5
HIr| ® [g:E|o© sswpl 160 - 50 | 152
3 |12 = 5 13 80 + 3.1 5 SStopl++ | 90 £ 32 92
4 |91 + 34 4 56 + 2.1 2 SStop2 40 =+ 13 52
5 21 + 8 22 20 + 7 12 SStop2++ 22 + 8 25
6 13 + 5 18 9 £+ 4 11
7 35 + 14 2 24 + 1.0 1
8 5.8 + 2.1 4 3.6 + 1.5 3
‘ Model Model parameter ‘ Analysis ‘ Signal Regions used
+ =+ Al high-pr 21 28
+ + A2 mo = 50 GeV high-pr 21-28
+ + B1 mo = 50 GeV high-pr 11-18, 21-28
+ 4+ Bl X =mg/m + =05 high-pr 11-18, 21-28
+ 4 Bl X =mg/m .+ =038 low-pr 11-18, 21-28
+ —+ B2 m,o = 50 GeV, m s = 150 GeV | high-pr 21-28
+ + B2 m, o = 50 GeV, mx = 300 GeV | high-pr 21-28
+ + C1 x=0.5 high-pr 01-08
C1 x = 0.8 low-pr 01-08
21 7.6 + —+ RPV high-pr RPV2
pp— tt + tt high-pr SStopl, SStop2
22 1.5 =+ i pp—tt high-pt | SStopl++, SStop2++
23 1o+ pp— tttt high-pr 21-28
24 | 4.4 &+ +
25 | 2.8 &+ + .
26 | 1.3 =+ += 0.5 \
i R Red = 0b, Blue = 1b, Green = > 2b

August 15, 2013
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Signal Acceptance Parameterization o=,

* Acceptance model defined w.r.t status 3 generator level using T1tttt.

4 Lepton Efficiency N (Jet and b-tag Efficiency )
pr — 10 pr — 10
€ = eooerf pn + €10 1 —erf T . eﬁ orf Xr — .’L‘% + 1 . A.Tg + BxQ + Cz + D if pr < 120 GeV
) o - Ex+ F if pr > 120 GeV
Parameter Electrons Muons 5 - Vi
arameter alue
€0 0.640 & 0.001 0.673 4 0.001 T——— Vilio 1 (155 20.05) x 10°°
€10 0.170 & 0.002 0.332 4= 0.003 N —4
o 36.94 £+ 0.320 29.65 £ 0.382 o0 ) ’ C 0.0391 + 0.0008
T GeV  29.81 4 0.100
1/2; : : D —0.496 =+ 0.020
) ] ag, GeV 18.75 + 0.099 E (—326 :tOOl) x 1074
CMS Simulation Vs = 8 TeV F 0.7681 + 0.0016
3 o07FE L L B L =
C r . . .
o C ] CMS Simulation Vs = 8 TeV CMS Simulation Vs = 8 TeV
:::206:_ — 5‘ 1 [ L A A R i > LI L L L [ L L I L L L
= E — ] & 1 ] 2 1- ]
o — ] 2 L ] o
u ] ° C 1 & C ]
0'5; - ] o 08 - & o8f 1
0.4 ——electrons : ] i ]
E —— muons E 0.6? ] 0.6; M
0.3 — L ] [ ]
0 25_ _E 0'4} 5 0'4} E
0.1F = 021 1 oz 1
% 20 40 60 80 100 120 % 20 40 60 80 100 05 ~56""J00 150 200 250 500 350 400

n ; gen gen
\ pie (GeV) ) K jetpl™ (GeV) btag p; (Gy
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Signal Acceptance Parameterization (2)

=

UCSD

H; and MET Efficiency

~N

gen

B (GeV)

Parameter Hr Ly
€0 r — 1 > 200 GeV > 400 GeV > 30 GeV > 50 GeV > 120 GeV
e = — |erf —Z + 1 €xo 0.999 4+ 0.001 0.999 4+ 0.001 1.000 £ 0.001  1.000 4+ 0.001 0.999 4+ 0.001
2 o) x1/2, GeV | 185.2+0.4 378.69 £0.17 13.87 £ 0.30 42.97+0.14 117.85 4+ 0.09
o, GeV 44.5 + 0.6 59.41 +0.26 42.92+0.34 37.474+0.20 36.90 +0.14
CMS Simulation /s = 8 TeV CMS Simulation Vs = 8 TeV
2 R RN BERN RARE RERE LELE SSSE B UI B SUBUBEN > L B L B L B L L L BN LN BRI BRI
1 g= [§) o
c L i c 1_
Q2 L i Q0 i ]
O B i O L i
&= = L i
w 0.8 N W ooglb h
. —-—E;>30 r ]
06~ —— ET>50 i 0.6j ]
0.4 —E;>120 { 04l E
- i ~H;>200 ]
0 bamadd Le e AP APRTITEN AP IR AP I B = N PR P R PRI SRR BT
0 20 40 60 80 100 120 140 160 180 200 220 900 150 200 250 300 350 400 450 500

H" (GeV)
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Model Examples

,
Supersymmetry (SUSY)

Model Al t

\ t

P -
2 X
7

pp — §§ — XY

4

r
Heavy Majorana Neutrinos

pp = TN = 0707 ¢q

\/
Same-Sign Top Pairs

u ¢
g
TN
VA t
g u u

pp — ttu

g
pp — T5/3T5/3 — (FulFUbb + jets

.

August 15, 2013
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Gluino Mediated Sbottom Production UC\'SD

* Using high p; leptons and 2 2 N, search
regions (SR21-28).

°'m vsm

gluino sbottom . .
gluino mediated
* Mgargino = 150 GeV (left) and 300 GeV (right) | sbottom production
. 4W+4b+2LSP
* m held fixed at 50 GeV
CMS Preliminary, 19.5 fb”, Vs = 8 TeV CMS Preliminary, 19.5 fb”, (s = 8 TeV

% 1400| PP —>00,§ — btW;Z? NLO+NLL exclusion g é % 1400 PP 38,3~ btW;Z? NLO+NLL exclusion g é
S =Observed = 16 5 S =Observed = 1o s
theory = 1300 theory =
5 =22 Expected = 10,, ¢ imon —-26 © 5 =22 Expected = 10, 0o -6 B
81200| 1. = 150 GeV m_, = 50 GeV ” B1200| m.. =300 GeV m_, =50 GeV ®
? 7 7 24 @ % g 7, 24 &
S - 7 o £ o
i 4 oo 5 1100~ ] —{oo o
1000 . c _ ] °
- \ 1 oo o 1000— X = oo o
i i i £ : 3 B £
800 ! | 18 ::, 900 | | 1 s ::,
i 1 16 & 800 : : | 16 &
, ] =] : ] S
o = 1 3 700 1] 1 e
} b @) ; ; | (@]
: 12 R 600 | | 12
e ] Lo : : Lo
400, 1 | PY 500, 1, g R i | PR

800 900 1000 1100 1200 1300 800 900 1000 1100 1200 1300

August 15, 2( mgluino (GeV) rnquino (GeV)



nes

Total weight
Overall diameter
Overall length
Magnetic field

CMS Detector
CMS Detector

Niocbium-titanium coil

carrying ~18000 A

: 14000 tonnes
:15.0 m

:28.7 m
:38T

HADRON CALORIMETER (HCAL)

SILICON TRACKER

Pixels (100 x 150 um?)
~1m? ~66M channels

Microstrips (80-180um)
~200m? ~9.6M channels

~76k scintillating PbWO, crystals

Silicon strips
~16m? ~137k channels

FORWARD
CALORIMETER
Steel + quartz fibres
~2k channels

Brass + plastic scintillator MUON CHAMBERS

~7k channels

Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers




I 1 | | 1 1 1
Oom im 2m im 5m 6m 7m
—— Muon

- Electron

= Charged Hadron (e.g. Pion)

- — - Neutral Hadron (e.g. Neutron)
= == Photon

Silicon
Tracker

) Electromagnetic
)‘I! l' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Transverse slice
through CMS

August 15, 2013

Iron return yoke interspersed
with Muon chambers




high p; analysis

SR28

=
UcCcsD

low p; analysis

source ee eun o source ee ep o

it — 00X 0.00 £ 1.21 0.00 £ 1.21 0.00 £ 1.21 0.00 £ 1.21 it — 00X 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 £ 1.21
tt—0(b— )X 0.00 + 1.21 0.00 & 1.21 0.00 + 1.21 0.00 + 1.21 tt— L(b— )X 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 & 1.21
tt— L(f = 0)X 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 tt— L(f — £)X 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 & 1.21

tt other 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 tt other 0.00 + 1.21 0.00 + 1.21 0.00 + 1.21 0.00 & 1.21

t, s-channel 0.00 £ 0.52 0.00 + 0.52 0.00 + 0.52 0.00 £ 0.52 t, s-channel 0.00 £ 0.52 0.00 + 0.52 0.00 £ 0.52 0.00 + 0.52

t, t-channel 0.00 + 0.54 0.00 4 0.54 0.00 + 0.54 0.00 + 0.54 t, t-channel 0.00 + 0.54 0.00 =+ 0.54 0.00 =+ 0.54 0.00 + 0.54
tW 0.00 =+ 0.80 0.00 + 0.80 0.00 =+ 0.80 0.00 =+ 0.80 tW 0.00 + 0.80 0.00 =+ 0.80 0.00 =+ 0.80 0.00 + 0.80
DY = 0.00 + 4.14 0.00 £ 4.14 0.00 £ 4.14 0.00 + 4.14 DY = o 0.00 + 4.14 0.00 £ 4.14 0.00 + 4.14 0.00 £ 4.14

W + jets — tv 0.00 + 73.20 0.00 + 73.20 0.00 + 73.20 0.00 + 73.20 W + jets — fv 0.00 % 73.20 0.00 + 73.20 0.00 + 73.20 0.00 % 73.20
WW 0.00 + 0.11 0.00 + 0.11 0.00 + 0.11 0.00 + 0.11 WW 0.00 + 0.11 0.00 + 0.11 0.00 + 0.11 0.00 & 0.11
Wr* = lvpp 0.00 £ 0.23 0.00 £ 0.23 0.00 £ 0.23 0.00 £ 0.23 Wr* = tvpp 0.00 £ 0.23 0.00 £ 0.23 0.00 £ 0.23 0.00 £ 0.23
Wr* = turr 0.00 =+ 0.24 0.00 + 0.24 0.00 =+ 0.24 0.00 =+ 0.24 Wr* — bvrr 0.00 £ 0.24 0.00 =+ 0.24 0.00 =+ 0.24 0.00 + 0.24
WZ 0.00 + 0.02 0.00 & 0.02 0.00 + 0.02 0.00 + 0.02 WZ 0.00 %+ 0.02 0.00 + 0.02 0.00 + 0.02 0.00 £ 0.02
77 0.00 + 0.00 0.00 & 0.00 0.00 + 0.00 0.00 + 0.00 77, 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 & 0.00
tty 0.00 £ 0.01 0.00 £ 1.08 0.03 £ 0.02 0.03 £ 0.02 tty 0.02 £ 0.03 0.00 £ 1.08 0.02 £ 0.03 0.04 £ 0.04
aw 0.20 + 0.10 0.26 & 0.11 0.68 + 0.16 1.15 + 0.20 ww 0.25 + 0.11 0.36 + 0.12 0.74 + 0.16 1.36 £ 0.21
tz 0.02 + 0.04 0.03 + 0.05 0.13 + 0.07 0.18 =+ 0.08 1z 0.02 + 0.04 0.07 + 0.06 0.15 =+ 0.08 0.23 + 0.09
thZ(Z — L) 0.00 = 0.00 0.00 =+ 0.00 0.01 + 0.01 0.01 =+ 0.01 thZ(Z — £f) 0.00 = 0.00 0.00 =+ 0.00 0.01 £ 0.01 0.01 + 0.01
Hww 0.01 % 0.00 0.02 4 0.00 0.03 + 0.00 0.05 + 0.00 HWwW 0.01 %+ 0.00 0.02 + 0.00 0.03 = 0.00 0.07 £ 0.00
WWry 0.00 + 0.09 0.00 & 0.09 0.00 % 0.09 0.00 %+ 0.09 WWey 0.00 + 0.09 0.00 % 0.09 0.00 + 0.09 0.00 & 0.09
WWW 0.01 + 0.02 0.01 & 0.02 0.01 + 0.02 0.02 + 0.02 WWW 0.01 + 0.02 0.01 % 0.02 0.01 + 0.02 0.02 & 0.02
WWZ 0.00 + 0.01 0.00 & 0.01 0.00 + 0.01 0.01 + 0.01 WWZ 0.00 + 0.01 0.00 % 0.01 0.00 + 0.01 0.01 & 0.01
WZZ 0.00 =+ 0.00 0.00 + 0.00 0.00 =+ 0.00 0.00 =+ 0.00 WZZ 0.00 =+ 0.00 0.00 =+ 0.00 0.00 =+ 0.00 0.00 + 0.00
727, 0.00 = 0.00 0.00 =+ 0.00 0.00 =+ 0.00 0.00 = 0.00 777 0.00 =+ 0.00 0.00 =+ 0.00 0.00 = 0.00 0.00 + 0.00
qqWEW* 0.00 + 0.09 0.00 % 0.09 0.02 + 0.04 0.02 + 0.04 qgWEWw+ 0.00 + 0.09 0.00 + 0.09 0.02 + 0.04 0.02 4 0.04
WW (DPS) 0.00 =+ 0.03 0.00 + 0.03 0.00 =+ 0.03 0.00 =+ 0.03 WW (DPS) 0.00 £ 0.03 0.00 =+ 0.03 0.00 =+ 0.03 0.00 + 0.03
WH, ZH, ttH; H — WW 0.02 + 0.06 0.06 4 0.07 0.09 + 0.08 0.17 + 0.10 WH, ZH, ttH; H - WW 0.02 + 0.06 0.11 4 0.09 0.13 £ 0.09 0.26 £ 0.11
WH, ZH, ttH; H — ZZ 0.01 % 0.00 0.00 & 0.00 0.00 % 0.00 0.01 + 0.01 WH, ZH, ttH; H — ZZ 0.01 + 0.00 0.01 # 0.00 0.00 + 0.00 0.02 & 0.01
WH, ZH, ttH; H — 77 0.00 + 0.01 0.01 + 0.01 0.00 + 0.01 0.01 + 0.01 WH, ZH, ttH; H — 77 0.00 + 0.01 0.01 + 0.01 0.01 + 0.01 0.02 & 0.01
Total MC 0.27 + 73.37 0.40 + 73.38 1.00 £ 73.37 1.67 £ 73.37 Total MC 0.34 + 73.37 0.60 + 73.38 1.13 £ 73.37 2.07 + 73.37
SF 0.00 £ 0.46 0.10 £ 0.19 0.44 £ 0.31 0.54 £ 0.37 SF 0.00 £ 0.24 0.46 £ 0.32 0.93 £ 0.37 1.39 + 0.46
DF 0.00 £ 0.14 0.00 + 0.08 0.00 =+ 0.10 0.00 £ 0.14 DF 0.00 =+ 0.05 0.00 =+ 0.08 0.02 =+ 0.02 0.02 + 0.02
SC 0.03 =+ 0.02 0.02 + 0.01 0.03 £ 0.01 0.09 =+ 0.03 sc 0.03 £ 0.01 0.04 + 0.02 0.05 =+ 0.02 0.13 + 0.04
SF + DF 0.00 =+ 0.37 0.10 4+ 0.10 0.44 + 0.23 0.54 + 0.25 SF 4+ DF 0.00 + 0.22 0.46 + 0.28 0.95 + 0.37 1.41 + 0.46
SF + DF - SC 20.03 £ 0.02 £ -0.02 0.08 £ 0.10 £ 0.04 041 £ 0.23 £ 0.20 0.45 £ 0.25 & 0.23 SF + DF - SC 20.03 £ 0.01 £ -0.02 042 £ 0.28 £ 0.21  0.90 £ 0.37 &£ 0.45 1.29 + 0.46 £ 0.64
Charge Flips 0.02 £ 0.00 £ 0.00  0.00 £ 0.00 + 0.00 0.02 £ 0.00 £ 0.0 _ 0.03 £ 0.01 & 0.01 Charge Flips 0.02 £ 0.00 £ 0.0 0.00 £ 0.00 £ 0.00 0.02 £ 0.00 &= 0.0  0.04 £ 0.01 £ 0.01
MC Pred 0.27 £ 0.38 £ 0.14 040 £ 1.15 £ 0.20 1.00 £ 0.40 + 0.50 1.67 + 0.42 £ 0.84 MC Pred 0.34 £ 0.38 £ 0.17 0.60 £ 1.15 £ 0.30 1.13 + 0.40 £ 0.56 2.07 & 0.44 £ 1.03
Total Pred 0.25 £ 0.38 £ 0.14 048 £ 1.15 + 0.20 1.43 £ 0.46 £ 0.54 2.16 £ 0.49 & 0.87 Total Pred 0.33 £ 0.38 £ 0.17 1.01 £ 1.18 £ 0.36  2.06 £ 0.54 & 0.72 3.40 + 0.63 £ 1.22
Data 0 1 1 2 Data 0 1 2 3
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